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Tuesday, February 5, 2013 377aencode many parameters simultaneously, but the fidelity of encoding at the
level of individual neurons is weak. However, because encoding is redundant
and consistent across the population, extraction methods based on multiple
neurons are capable of generating a faithful representation of intended move-
ment. The realization that useful information is embedded in the population
has spawned the current success of brain-controlled interfaces. Since multiple
movement parameters are encoded simultaneously in the same population of
neurons, we have been gradually increasing the degrees of freedom (DOF)
that a subject can control through the interface. Our early work showed that
3-dimensions could be controlled in a virtual reality task. We then demon-
strated control of an anthropomorphic physical device with 4 DOF in a self-
feeding task. Currently, monkeys in our laboratory are using this interface to
control a very realistic, prosthetic arm with a wrist and hand to grasp objects
in different locations and orientations. Our recent data show that we can extract
10-DOF to add hand shape and dexterity to our control set. This technology has
now been extended has been extended to patients who are paralyzed and cannot
move their arms or hands.
Symposium: Genomics and Biophysics
1930-Symp
Sequencing the Unsequenceable: Expanded CGG Repeats in the Human
FMR1 Gene
Paul J. Hagerman1, John Eid2, Paul Peluso2, David Rank2, Jun Yin1,
Luke Hickey2, Flora Tassone1, Erick Loomis1.
1University of California, Davis, Davis, CA, USA, 2Pacific Biosciences,
Menlo Park, CA, USA.
Alleles of the FMR1 gene with more than 200 CGG repeats generally undergo
methylation-coupled gene silencing, resulting in fragile X syndrome, the lead-
ing heritable form of cognitive impairment. Smaller expansions (55-200 CGG
repeats) result in elevated levels of FMR1 mRNA, which is directly responsible
for the late-onset neurodegenerative disorder, fragile X-associated tremor/
ataxia syndrome (FXTAS). Despite the importance of this gene, no existing
DNA sequencing method is capable of sequencing through more than ~100
CGG repeats, thus limiting the ability to precisely characterize the disease-
causing alleles.
The recent development of single molecule, real-time sequencing represents
a novel approach to DNA sequencing that couples the intrinsic processivity
of DNA polymerase with the ability to read polymerase activity on a single-
molecule basis. Further, the accuracy of the method is improved through the
use of circular templates, such that each molecule can be read multiple times
to produce a circular consensus sequence (CCS). We have succeeded in gener-
ating CCS reads representing multiple passes through both strands of repeat
tracts exceeding 700 CGGs (>2 kb of 100 percent CG) flanked by native
FMR1 sequence, with single-molecule readlengths exceeding 12 kb. This
sequencing approach thus enables us to fully characterize the previously intrac-
table CGG-repeat sequence, leading to a better understanding of the distinct
associated molecular pathologies. The method will enable us to study details
of allele-expansion mosaicism and repeat instability in a manner not previously
possible. Real-time kinetic data also provides insight into the activity of DNA
polymerase inside this unique sequence.
The methodology should be widely applicable for studies of the molecular
pathogenesis of an increasing number of repeat expansion-associated neurode-
generative and neurodevelopmental disorders, and for the efficient identifica-
tion of such disorders in the clinical setting.
1931-Symp
Visualizing Transcription In Vivo at Nucleotide Resolution using Nascent
RNA Sequencing
Stirling Churchman.
Department of Genetics, Harvard Medical School, Boston, MA, USA.
It is now clear that transcription is more complicated than what was thought
even a few years ago both in the intricate use of post-initiation control and
the mass production of rapidly degraded transcripts. Dissection of these path-
ways requires strategies for precisely following transcripts as they are being
produced. Native elongating transcript sequencing - NET-seq, accomplishes
this goal by exploiting the extraordinary stability of the DNA-RNA-RNAP
ternary complex to capture nascent transcripts directly from live cells without
crosslinking. The identity and abundance of the 3’ end of purified transcripts
are revealed by deep sequencing thus providing a quantitative measure of
RNAP density with single nucleotide precision. Our data reveal pervasive
RNA polymerase pausing and backtracking throughout the body of transcripts.
Average pause density shows prominent peaks at each of the first four nucleo-
somes indicating that nucleosome-induced pausing represents a major barrier to
transcriptional elongation in vivo.1932-Symp
Monitoring Protein Synthesis One Codon at a Time through Ribosome
Profiling
Jonathan Weissman1,2.
1University of California, San Francisco, San Francisco, CA, USA, 2HHMI,
Ucsf, CA, USA.
The ability to sequence genomes has far outstripped approaches for deciphering
the information they encode. We have developed a suite of techniques based
on ribosome profiling (deep sequencing of ribosome protected fragments)
that dramatically expand our ability to follow translation in vivo. I will present
recent applications of our ribosome profiling approach including the following:
(1) Development of ribosome profiling protocols for a wide variety of eukary-
otic and prokaryotic organisms. (2) Uses of ribosome profiling to globally
monitor when chaperones, targeting factors or processing enzymes engage
nascent chains. (3) Deciphering the driving force and biological consequences
underlying the choice of synonymous codons.
1933-Symp
Development of Single Molecule Sequencing System for Direct Single Cell
Analysis
Sotaro Uemura.
RIKEN Omics Science Center, Yokohama City, Japan.
The transcriptome is broadly defined as the entire RNA component including
non-coding RNA of an individual cell. Recent studies have shown that gene
expression is invariably heterogeneous even in evidently similar cell types.
Such stochastic variations in the transcriptomes have important implications
for cell-fate decisions. Also differences in transcriptomes may provide critical
information on the composition of cell types in diseased tissues, including
tumors that could contain a small number of cancer stem cells.
Current single-cell techniques typically require several numbers of critical
steps of preparation, such as cDNA synthesis or amplification steps. However
these steps introduce multiple biases and significant sample loss that hardly
reflect the original molecular counts of transcripts at single cell level. To solve
these issues we are developing all in one direct single cell analysis system at
single molecule detection, which has basically minimized number of steps.
In this symposium we report early stage of our progress on the development.
Platform: TRP Channels
1934-Plat
Optical Recording of Single-Channel TRPV1 Activity and Mobility in
Isolated Dorsal Root Ganglion (DRG) Neurons and Cultured Mammalian
Cells
Eric Senning, Sharona E. Gordon.
University of Washington, Seattle, WA, USA.
TRPV1 is a calcium-permeable non-selective cation channel recognized for its
sensitivity to heat, low pH, oxidation and numerous endogenous agonists. To
date there is very little known about the activity of the individual channel in
the intact cell. In order to explore TRPV1 in this context we employed total in-
ternal reflection fluorescence (TIRF) microscopy to observe the open states of
the channel as a fluorescent ‘‘sparklet’’ at the site where calcium influx occurs.
Preliminary investigations into the sparklet activity elicited by capsaicin in
DRG neurons indicate that TRPV1 is free to move laterally in the plasma
membrane while conducting calcium into the cytosol. Importantly, two-state
fluorescent sparklets indicate that channels function independently in vivo. In
HEK293T/17 cells transiently transfected with TRPV1-eGFP we simulta-
neously imaged mobile channels by their eGFP label and their capsaicin-
activated sparklets. We implemented both the eGFP photobleaching subunit
counting strategy as well as sparklet intensity analysis of TRPV1 sites. Consis-
tent with results in DRG neurons, we found that individual channels, rather than
assemblies of channels, were present and functional in the plasma membrane.
Further analysis of the subset of mobile sparklets revealed that the mobility of
TRPV1 sparklets steadily decreased with its open duration. Activity depen-
dence of TRPV1 mobility may represent a new form of channel regulation in
which its function becomes spatially compartmentalized.
1935-Plat
Structural Insights into the Dynamics of the TRPA1ActivationMechanism
Vera Y. Moiseenkova-Bell1, Teresa L. Cvetkov1, Liwen Wang1,
Kevin W. Huynh1, Gregorio Fernandez-Ballester2, Sudha Chakrapani1,
Antonio Ferrer-Montiel2, Mark R. Chance1.
1Case Western Reserve University, Cleveland, OH, USA, 2University Miguel
Hernandez, Elche, Spain.
TRPA1 is a Ca2þ-permeable, non-selective cation channel and one of the key
pain sensors in mammals. Pain sensation mediated by TRPA1 involves modi-
fication of N-terminal cysteine residues on the channel by thiol-reactive
378a Tuesday, February 5, 2013compounds and inflammatory mediators. Recent mutagenesis and chimeric
studies have suggested that N-terminal cysteine residues (C622, C642, C666)
located on the flexible linker region of the channel are involved in channel
activation and desensitization, but how conformational changes in the flexible
linker region lead to activation and desensitization is unresolved.
Capitalizing on our ability to isolate pure and functional TRPA1 channel pro-
tein, we recently provided the first insight into the channel architecture by
reconstructing a TRPA1 structure to 16 A˚ resolution in resting state using
electron microscopy (EM). Fitting TRPA1 homology model into the EM
density lead us to hypothesize that the critical cysteines on the flexible linker
region (C622, C642, C666) are in close proximity to one another and that
covalent modification of cysteines within this pocket could promote conforma-
tional changes leading to channel gating and desensitization. Furthermore, we
performed a mass spectrometry analysis of the in vivo TRPA1 thiol status and
discovered that, when treated with a thiol-reactive TRPA1 agonist, C622 and
C666 could form a disulfide bond with each other or with two other cysteine
residues.
Our current structural and biophysical analyses using EM, mass spectrometry
and homology modeling are elucidating ligand-induced conformational
changes in the channel’s flexible linker region that occur during activation
and desensitization. These insights bring us a greater understanding of the
structural rearrangements involved in the gating and desensitization mecha-
nisms of the TRPA1 ion channel.
1936-Plat
Neural Growth Factor Increases the Cationic Non-Selective Currents in
Neonatal Rat Pancreatic Beta-Cells
Carlos Manlio Diaz-Garcia, Carmen Sanchez-Soto, Marcia Hiriart.
Instituto de Fisiologia Celular, Universidad Nacional Autonoma de Mexico,
Mexico DF, Mexico.
Neural growth factor (NGF) is secreted by pancreatic beta-cells, which also
present NGF auto-receptors with high (TrkA) and low (p75) affinities. NGF
promotes beta cell survival and enhances glucose-stimulated insulin-secretion.
The latter has been associated to an increase in the number of voltage-gated
Naþ and Ca2þ channels at the plasma membrane. However, further research
is necessary to understand if other ion channels are implicated in NGF
signaling.
In the present study, the long-term effect of NGF on the cationic non-selective
(CAN) currents of beta cells from neonate rats was characterized, and com-
pared to that of mature animals.
Pancreatic islets from adult and neonatal male Wistar rats were isolated and
separated from acinar tissue by collagenase digestion and a density Ficoll gra-
dient. Isolated cells were obtained from islets after an enzymatic digestion with
trypsin. Whole-cell patch clamp recordings were obtained from beta cells with
membrane capacitances of 6.05 0.2 pF (N=32) and 6.35 0.3 pF (N=28), for
neonatal and adult rats, respectively.
Control adult beta cells showed a higher CAN density current compared to con-
trol neonatal cells. When the latter were incubated with NGF (50 ng/ml) during
48 h, CAN currents significantly increased in more than 2-fold at two test po-
tentials,120 and 80 mV, reaching a similar level to adult cells. Moreover, the
effect of NGF was reverted by the incubation with K252a (200 nM), a blocker
of high affinity TrkA receptors. Taken together, our results suggest that NGF
could contribute to beta cell maturation by a gain of function in CAN currents.
Partially supported by Consejo Nacional de Ciencia y Tecnologı´a CONACYT
CB2009-131647, and DGAPA-PAPIIT IN215611, Universidad Nacional
Auto´noma de Me´xico. Carlos Manlio Dı´az-Garcı´a has a fellowship from
CONACyT.
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TRPV1 Channels are Intrinsically Heat Sensitive and Negatively
Regulated by Phosphoinositide Lipids
Erhu Cao1, Julio F. Cordero-Morales1, Beiying Liu2, Feng Qin2,
David Julius1.
1UCSF, San Francisco, CA, USA, 2SUNY-Buffalo, Buffalo, NY, USA.
The capsaicin receptor, TRPV1, is regulated by phosphatidylinositol-4,5-
bisphosphate (PIP2), although the precise nature of this effect (i.e., positive
or negative) remains controversial. Here, we reconstitute purified TRPV1
into artificial liposomes, where it retains sensitivity to capsaicin, protons, spider
toxins, and heat. Moreover, TRPV1 is fully functional in the absence of any
phosphoinositides, arguing against an obligatory role in channel activation. In-
troduction of various phosphoinositides, including PIP2, PI4P and PI, inhibits
chemical and thermal sensitivity of the channel, consistent with a model in
which phosphoinositide metabolism by pro-algesic agents enhances TRPV1
sensitivity and contributes to thermal hyperalgesia. using an orthogonal
chemical modification strategy, we further show that association of theTRPV1 C-terminus with the bilayer modulates channel gating, consistent
with phylogenetic data implicating this region of the channel as a regulatory
site for thermal and chemical sensitivity. Beyond TRPV1, these findings are
relevant to understanding how membrane lipids modulate a diverse family of
‘‘receptor-operated’’ TRP channels.
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Calcium-Dependent Regulations of TRPP3 Channels
Jinzhi Wu, Mingfeng Hu, Xiaodong Liu.
Tsinghua University, Beijing, China.
TRPP3 channels or PKD2L1 channels, with high homology to another mem-
ber of TRPP family, PKD2 (named after polycystic kidney disease), play po-
tential roles in sour taste. TRPP3 channels are highly regulated by calcium,
complicated with both calcium dependent activation and inactivation (Chen
XZ, et al. 1999). However, the essential mechanisms of these calcium regu-
lations are lacking (Li Q, et al., 2002). In this study, we took advantage of
the unique off-response (Ioff) evoked by acid stimuli onto TRPP3 channels
expressed in HEK 293 cells, to dissect the calcium dependent inactivation
(CDI) from the complex calcium responses evidenced in oocyte preparations.
By changing extracellular calcium concentrations from 0 to 110 mM, and in-
tracellular buffers from EGTA to BAPTA, we proved that the decaying phase
of Ioff is completely calcium dependent. We tested and then rejected the
hypothesis that calmodulin mediates the CDI of TRPP3 channels, by overex-
pressing the mutant form of calmodulin. Further mutagenesis analyses
revealed that CDI would be abolished when the interactions between intracel-
lular calcium ions and the EF-hand of carboxyl termini of TRPP3 channels
were perturbed. Our work not only provides mechanistic insights into CDI
of Ioff, but also paves the way to the elucidation of calcium-dependent activa-
tion, thus the ultimate resolution of calcium-dependent regulations of TRPP3
channels.
1939-Plat
Identification of a Domain in Trpv4 C-Terminus Critical for Channel
Function and Trafficking
Lei Lei, Xu Cao, KeWei Wang.
Peking University, Beijing, China.
Like the majority of proteins, Transient Receptor Potential Vanilloid 4
(TRPV4) channels after synthesis in the endoplasmic reticulum (ER) undergo
glycosylation and must be trafficked and targeted to the membrane surface
where they will function. It has been shown that mutations in either N- or
C-terminus of TRPV4 are associated with channelopathies, indicating the
important role of cytoplasmic domains in the channel function. In this study
we carried out biochemical, cell biological and electrophyisological experi-
ments to identify domains/residues critical for TRPV4 function and trafficking.
Confocal imaging of HEK293 cells revealed that a C-terminal deletion of
TRPV4 caused the channel proteins trapped in the ER. Western blot analysis
of serial C-terminal deletions identified a region/domain essential for complex
glycosylation and maturity of channel proteins. Electrophysiological record-
ings combined with calcium influx assay confirmed that TRPV4 lacking the
identified domain within the C-terminus resulted in a loss of channel function.
Taken together, our results reveal a region/domain in the channel C-terminus
critical for TRPV4 function and trafficking.
1940-Plat
Screening for TRPV1 Temperature-Sensing Domains with Peptide
Insertion
Linlin Ma, Fan Yang, Jie Zheng.
University of California, Davis, CA, USA.
As the prototype of temperature-activated thermoTRP channels, the vanilloid
transient receptor potential channel TRPV1 is involved in acute noxious
thermosensation and thermal hyperalgesia. Its temperature sensing mechanism
remains mysterious and controversial. Multiple heat-sensing domains that
spread across the protein have been proposed, such as the intracellular
N-terminal segment between the ankyrin repeats domain and S1, the outer
pore region, and the intracellular C terminus. To test the contribution of var-
ious channel regions to heat activation, we introduced short peptide insertions
to uncouple peripheral domains from the pore-forming core domain. Effects
on heat- and agonist-induced channel activation were tested with both calcium
imaging and electrophysiological recordings. While disruption of covalent
periphery-core interaction weakened desensitization upon prolonged capsaicin
application, none of the tested insertions appeared to significantly alter heat
activation. Proton activation and Mg2þ activation, which are mediated by
the outer pore, were also not significantly affected. These observations are
consistent with the transmembrane core domain being intrinsically tempera-
ture-sensitive.
